The car is still the most common mode of transport in Western countries, particularly so across the European Union, as it accounts for about two-thirds of daily commuting. So far, measures aiming to reduce automobile traffic and incentives for the modal shift to public transport and non-polluting methods of travel (walking, cycling, etc.) have had little effect. Moreover, the car lies at the core of a very complex system that has proven to be difficult to unlock. In light of these challenges, using new types of engine power may appear to be a solution. Electric vehicles have the potential to improve the efficiency, affordability, and sustainability of the transport system. However, there remains much uncertainty as to how such a transition from one type of engine to another may unfold, and where it could take place within the European context. In June 2017, the H2020 project SHAPE-ENERGY launched an online debate on the Debating Europe platform with the question: "Should all cars be electric by 2025?". The aim of the debate was to elicit citizens views on whether the goal could be reached, how and with which consequences. The diversity of the vantage points that have appeared in the subsequent discussion generated by the strands of debate allows us to bring into discussion the viewpoints and arguments that are not often addressed in the literature on the adoption of electric cars in a comprehensive way. The article sheds light on those debates across Europe, in order to bring new insights to European policymakers that are seeking to promote the market for electric vehicles. It also broadens the scope and offers important contributions to scholarly debates on the diffusion and adoption of such vehicles.
Introduction
Despite measures aiming to reduce automobile traffic and incentives for the modal shift to public transport and non-polluting methods of travel (walking, cycling, etc.), the car remains the most common means of transportation. It accounts for about two-thirds of daily journeys in Western countries such as France. Public transportation, on the other hand, covers less than 10% of the daily journeys of urban dwellers ( [1] , p. 130, [2] ). Thus, transitioning away from our existing car-centred transportation system may very well be "the hardest case" of transitions [3] . In light of these challenges, electric vehicles (EVs) appear as a solution, with the potential to improve the efficiency, affordability, and sustainability of the transport system. The electrification of passenger transportation should also, in principle, lead to more resilient cities, improve the efficiency of the distribution network and challenge the sustainability of the existing grid [4] , as well as reduce negative externalities such as debates [18] , and serving as mechanisms to make different voices heard in deliberative processes [19] . The literature has further illustrated that by giving voice to deliberative reasoning, one engages in 'disciplining' elites, thereby encouraging those who usually dominate public debate to listen to the perspectives of others [13] .
The online debate "Should all cars be electric by 2025?" also demonstrates that debaters can have very diverse backgrounds and different centres of interest: some people possess deep technological knowledge and others appear knowledgeable in the geopolitics of energy, while others yet focus more on the ecological and/or social impacts. In this respect, the online debate offers a unique vantage point from which to examine the various discussions surrounding EVs across Europe, and the different posts show signs of situated knowledge, perceived challenges, consequences, and effects-all reflecting the diversity of the geo-socio-economic contexts encountered across various European countries.
The diversity of those vantage points allows us to bring into discussion the viewpoints and arguments that are not often discussed in the literature on EV adoption in a comprehensive way. In this way, we are striving to align our research with marginalised voices, and we aim to avoid reproducing and reinforcing the power of the already dominant [13, 20] . In this analysis, we have developed a non-traditional research focus on issues such as energy justice, renewable energy supply and the transformation of the energy (provision) system, as well as the ecological considerations (the longevity of cars, the production of cars, etc.), which are seldom investigated from a citizen perspective, particularly across different geographical and socio-economic spheres. The knowledge introduced by researchers, using the social practices theory, an overarching theory to frame discussions of social change, mostly informs and investigates the ways in which social practices persist and change [21] . Changes in this context imply a form of directional process that is present in the term 'transition' [22] , which necessitates a directional change from one state to another. If those changes are necessary in the context of climate change, and the adoption of EVs might represent one possible solution, their effectiveness will then depend on how the European Union opts to deal with the several pathways of energy transition [23] and to what extent it takes into consideration energy justice and social impact [24] .
In the following analysis, based on the online discussions organised through the SHAPE-ENERGY project and the Debating Europe platform, we will make salient the ways in which citizens are debating EVs across Europe. This, we believe will bring important and new insights to European policymakers who seek to promote the market for EVs in Europe, as well as broaden the scope of scholarly debates concerning the sustainability of the diffusion and adoption of EVs, as seen from the perspective of European citizens.
Previous Research on EV Adoption
The research literature has identified several barriers to EV diffusion, the most commonly mentioned being higher prices, limited driving distances, and a lack of charging infrastructure [25] . The higher price of electric cars in comparison to conventional cars is one of the most important barriers that are stressed in the literature [26] . Indeed, many potential EV users compare EVs with conventional vehicles solely based on the purchase price, which is often higher. Many are not aware of the various government incentive programs, and the fact that the total cost of EV ownership is lower than in the case of conventional vehicles, due to fuel savings and lower maintenance costs [26] .
The lack of charging infrastructure is also considered to be one of the main barriers to EV market diffusion [27, 28] , due to the fact that in case of insufficient charging infrastructure, EVs will not offer the flexibility and convenience that most drivers expect from their vehicles [26] . Access to battery charging varies significantly, and charging facilities other than those found at home are in short supply in many places [29] .
The limited capacity of batteries results in a shorter driving range compared to conventional vehicles. This is often mentioned as a barrier to effective EV market implementation [26, 28, 30] and widespread adoption of EVs [31] . Even though the theoretical capacity of EVs is sufficient for most daily trips, this barrier is known to manifest with regard to range, as both a technical and cognitive problem [32] as some experience 'range anxiety'. This is "the fear of being stranded in a [battery electric vehicle] because it has insufficient range to reach its destination" ( [33] , p. 723). Thus, as noted by Rezvani et al. [31] , the restricted driving range is more of a perceived barrier than an actual one.
In addition to the three aforementioned factors (costs, charging infrastructure and range) that earlier research has identified as the most important barriers to EV adoption, other characteristics of EVs also worry potential buyers. Potential EV buyers are uncertain as to the extent that the use of EVs will actually lead to decreased CO 2 emissions, and thus, how it will concretely benefit the environment [25] . They also question whether it may lead to increased energy demand and more emissions if it is not powered by renewable energy sources. Besides concerns over increased power demand, some potential EV drivers also consider the disposal of used batteries as being harmful to the environment, thereby raising uncertainty as to the environmental benefits of battery-electric vehicles [26] . Nonetheless, these aspects of EVs that relate to concerns about their environmental and climatic impact have been given less attention in the research literature on EV adoption than techno-economic factors.
Research studying real users of EVs has served to dismantle some of the barriers mentioned in most EV adoption studies that focus on potential adopters [31] . Two positive traits of EVs often mentioned by EV drivers are that they are pleasant to drive and they are practical [34, 35] . Noise reduction is highlighted as being an important dimension to the pleasure of driving [36] . EVs also seem to introduce new driving practices and restructure the organisation of daily life [34] for some, but often in a rather undramatic way. Charging habits and charging frequency at home have proven to be less dependent on the intensity of daily use of the EV than on the confidence of the user in his or her mental conception of the autonomy of the vehicle [37] . Jarrigeon et al. [38] also shows that a symbolic shift occurs among users in the transition from a fossil fuel-powered vehicle to an EV, as powering the car is transformed from a punctual action into a familiar, daily practice. This shift contributed to trivializing the EV, making it progressively appear as just another car to its users. Others have found that the adoption of an EV increased the awareness of energy consumption, sensitised its users towards electricity use, and spurred pro-environmental values and interest in energy technology among some of its users [35] . Moreover, as EVs are often connected to a charging station, there are various opportunities for grid services based on EVs [39] . With additional reputational and related environmental benefits to companies, studies carried out in France and Germany also show that EVs meet the mobility needs of different commercial users [36, 40, 41] . The main challenges for the deployment of EVs are related to the lack of related infrastructure, market characteristics, and lack of experts in service-related sectors. However, in order to understand the future adoption patterns of EVs in Europe, it is not enough to study the experiences of real users and early adopters, and only in certain places where EV sales are ramping up. It is equally important to understand the expectations and concerns of the wider European public, and how various European citizens' reason around EVs, based on their own situated knowledge and experiences.
Before delving into these debates, we outline the specificities of the online debate, examining both its strengths and weaknesses in terms of enhancing our understanding of EV resistance among the public.
Methods and Specificities of an Online Debate
An online forum is an asynchronous computer-mediated communication device, allowing Internet users to exchange messages or to post their opinion on a particular topic. An online forum is thus an automatically archived form of electronic correspondence, produced interactively in a collective way [42] . In the case of the Debating Europe online debates that form the basis of our analysis here, the device offers its users a classification of the messages that are already posted in chronological order. The participants are then invited to react to the debate presented at the top of the page and to the messages previously posted online. This presentation leads participants to either continue a conversation, or to start a new thread related to the theme.
This type of corpus is ideal for the analysis of conversations [43] , because the exchanges are produced in the absence of the analyst who records them, and homogeneity is defined by the recording device [44] . Archiving is established automatically, and it is a condition of which the participants are aware prior to participation. Discussion forums can thus be defined as hybrid interpersonal mass communication devices [45] , to the extent that they allow both interpersonal exchange (A responds to B) and mass communication (A posts a message readable by a potentially unlimited number of Internet users).
One of the limitations of this method is that, in many ways, it remains difficult to consider on-line discussions as real conversations. Indeed, it is impossible to identify the unity of the participatory framework of a forum in the sense that there is no defined group of participants. Rather, one has many participants who enter and leave the discussion. The duration of the discussion is another problematic parameter, because we cannot ensure that the exchanges in a given forum take place in a unified period. The temporal dimension is not absent from the forums (even if they are asynchronous devices), but it only determines the sequential organisation of the exchanges only very slightly, insofar as, for example, the second part of an adjacent pair (of the question-answer type) can be produced a very long time after the first post. This aspect, in addition to the archiving of data, makes it possible to define discussion forums as being persistent conversations [46] , or "dynamic digital documents", archived in the process of being constituted [42] . We can therefore consider that online forums allow for discontinuous conversations taking place when the exchange of words is not the main activity of the participants, but an accompanying activity [47] .
Finally, to post a message online through discussion forums requires one to explicitly choose the status of the intervention in the structuring of the debate (initiative versus reactive intervention?), the choice of the recipient (who is the message addressed to?) and the choice to either stay or to leave the debate. Regarding exchanges, when they are pursued, they constitute in general, a rather short sequence. In other words, it is rare for an initiating message to give rise to a very long thread.
Online debates have several biases: one being language as some have the ability to respond in their mother tongue while others rely on a foreign language to express themselves, and with varying degrees of mastery. Another is access (to the Internet) and knowledge of the debate, including having the time to meaningfully engage. These biases means that we do not expect participants of the debate to signify a representative sample of European citizens. Nonetheless, they comprise a heterogeneous sample of European citizens with different nationalities, and probably groups that are not attributed significant attention in the research literature on EVs.
The debate over the future of EVs in Europe comprised 25 conversations. However, despite the bias induced by the common language used (English), we assume that participants represented a wide range of nationalities (Belgium, France, Germany, Greece, Hungary, Ireland, Italy, Latvia, Norway, Romania, Spain, Sweden, United Kingdom, Ukraine), based on the examples they used to illustrate the statements. A look at the first names of the discussants also revealed the debate to be relatively gendered, with more male than female participants (although in a few cases it was difficult to ascertain the gender of the debater from their first name only).
The debate has been analysed by using TextSTAT-Simple Text Analysis Tool, which is a concordance program. The program analyses text corpora and displays word frequency lists and concordances to search terms. The function 'Citation' was used in the post-search phase to display texts passage with more context surrounding the words that were initially chosen as significant. Although the debate is open access and therefore public, we chose to use only the initials of the participants. The quotes have not been altered, but they were occasionally shortened in the interest of clarity, as a verbatim may deal with several issues. 'Electric' (88 occurrences) and 'electricity' (40) are unsurprisingly the most frequently mentioned terms, followed by 'yes' (63) and 'no' (59) . It is also interesting to note that 'nuclear energy' appears 59 times and 'fossil fuels' 58 times, while renewable energy sources are mentioned 54 times. As such, those figures do not tell much, as for example, the use of nuclear is a known controversial issue. Nonetheless, this initial analysis allows us to see that the debate was rather balanced, with almost equal numbers answering yes and no. Most participants also turned out to have a more nuanced approach, and seemed to agree with the fact that EVs do not represent a simple and straightforward alternative to fossil fuels:
The very first reaction is yelling "Yes!" but think it twice. Wouldn't be better to say instead non-traditional fuel based cars? I mean electricity might not be the single solution and I don't refer uniquely to biomass or hydrogen, look around) (M. M. B. 20 June, 2017) Energy dependency, the sustainability of car culture, wastes produced by EVs, and social and geographical inequality are the most important topics found in the debates. In the next few paragraphs, we will map and discuss these issues, as well as some issues that did not seem to be reflected in the online debate.
Results

Solving Energy Dependency or Hampering Energy Security
Energy is a major concern because of its geopolitical implications [48] , and the dependency on fossil fuels is a major concern for most of the participants. As J. H. (20 June, 2017 ) and M. V. (20 June, 2017 ) put it, the implications are manifold: "Please get rid of humanity's dependence on oil (at least in the EU) to usher in peace on earth (with regards to oil), independence, prosperity, cleaner air and to save the planet." "The smog in the big cities would be history, the price of oil will go down, Putin's source of money will go low, very low and peace would be easier to achieve! So many advantages!"
Many seemed to agree wholeheartedly that "all cars should be electric by 2025", and that oil as a source of air pollution is a major concern, as K. H. (27 August, 2017) writes: "Nice suggestion. But way too late. In Bulgaria, 20,000 (!) people a year die from suffocation due to air pollution." Others also point out that getting rid of oil is a major concern, and something that would benefit cities in particular, as this person writes: "The environmental benefits for large polluted cities will be huge https://www.bloomberg.com/features/2016-ev-oil-crisis/" (J. A. 20 June, 2017).
The strategy to phase out oil is also perceived to have other beneficiary effects. Some mention it as the safest way to avoid conflict: "Keeps EU countries out of conflicts related with oil and gas. Better invest all that money into harvesting the sun!" (T. B. 2 July, 2017). We see here that producing renewable electricity is seen to have positive effects beyond simply decarbonizing the energy system. Supporting EVs is seen as a way to hamper oil suppliers: "Definitely! My reasoning isn't based on fake ecology pretences but rather on putting some oil suppliers out of equation." (P. K. 6 November, 2017).
Despite the stated benefits of getting rid of oil, the production of electricity is a major concern voiced by many participants. In particular, increasing the supply of electricity without increasing ecological damage is a concern raised by many: "Electricity comes from either fossil fuels or the materials used to build plants that harvest alternative sources of energy likely lead to more geo-ecological damage and pollution than their use would prevent" (L. F. 12 December, 2017). There is also much discussion about the ability of renewable energy sources to produce enough energy to power an all-electric car fleet. Many believe that renewable energy sources would not be able to produce energy in sufficient amounts: "Where will we get electricity from? Wind, water, sun? Not makeable!" (J. U. 12 December, 2017). Some do, on the contrary, have a more positive outlook like J. Y., who refers to the success story of southern European countries: "Do it Portuguese-style Ivan, where 60% of our electricity on average comes from renewable sources! So there is a way." (J. Y. 27 August, 2017).
Again, the economic divide and different energy contexts in EU countries appear as a major concern that would impact the efficacy of EVs as a solution, as F. V. claims (21 June, 2017) : "Not all European countries are as well-developed energy-wise as Sweden." Or as T. P. (2 July, 2017), who sees opportunities where others see challenges, puts it: "There is no need for coal or nuclear power plants, the wind mills from North and Baltic seas have an excess of energy that they waste because there is not a demand when they have strong winds. The battery from the cars could store this excess balancing the power grid."
Here, we can see that some participants possess quite a sophisticated understanding of the energy systems and the need to balance supply and demand according to the energy resource in use. To others, on the contrary, oil still seems to be inevitable in the production of energy, as voiced by this participant: "What's the deal? We stop using oil to make fuel but we use it to run power plants to get electricity for our cars?" (G. 20 June, 2017). Some feel that shifting to EVs would increase the dependency on neighbouring countries, as they would not be able to produce enough energy themselves: "Not all EU nations are producing enough spare energy to keep the demand for an electric car, so if we have to buy electricity from another country, it will only mean that they will be burning fossil fuel for us." (F. V. 21 June, 2017).
Overall, we note that there are opposing views on what a switch to EVs would entail for the energy system: for some, it would be a positive transition that, apart from cutting carbon emissions, would also strengthen energy security. For others, the increased demand for electricity would render their countries more dependent on other countries, and importing energy from abroad. The general concern is, however, that the required electricity would not be produced by renewable resources: "If we do it now, we will pollute much more because many countries still use coal power plants" (E. C. 12 December, 2017).
Rejecting fossil fuels, while at the same time stating the alleged inability of renewable to sustain the energy demand, made nuclear appear as an unavoidable solution to many: "As charging will happen predictably almost at the same time by the evening, when people arrive home from work, the peak of consumption will be much higher, so the installed capacity for electricity production probably needs to be much higher than that." (M. C. 6 November, 2017). This argument is also defended by A. G. (24 September, 2017) who states that: "If all cars are electric by 2025 we will need 20 more nuclear plants in Europe . . . do the maths!"
Even those in favour of nuclear as a solution were dubious of its effectiveness over a shorter time frame (A. F. 20 June, 2017): "I personally agree that electric cars powered by nuclear power plants is the way to go, even with the problems that nuclear power presents in itself, but there is still a long way to go before it's feasible globally in Europe or elsewhere, and in no way it's going to be possible by 2025."
Many state that the required changes would come at a cost, raising concerns over who would pay for the transition (P. K. 6 November, 2017): "And who is going to pay for the huge investments in electric power production and distribution facilities?" Others raise the concern that, beyond simply having an effect on the production of electricity, using EVs would change the whole system: "There are many questions on this issue: the price of electricity, the costs of producing more and more electricity, the safety of having electric engines in case of catastrophes that cut us power." (T. S. 2 July, 2017)
Should We Sustain a Car Culture?
The question asked by Friends of Europe "Should all cars be electric by 2025?" also raised questions concerning the issue of car culture, which have been thoroughly debated among transportation and mobility scholars [49] [50] [51] . It fundamentally interrogates the automobile system as it has been developed over the last decades, where cars exist as part of a wider complex that involves material elements such as engines, tires, roads, and petrol stations, all linked together in a socio-material system [52] [53] [54] . In the online debate, we find traces of such ways of thinking, as participants point to the fact that "we can't afford to keep polluting the air" (C. B. 20 June, 2017), and to the importance of accelerating the transition, because "global warming does not wait until 2025 . . . " (J. B. S. 27 August, 2017). It is also interesting to note that some of the participants voice that they are aware of the path dependency implied by the current socio-technical system that is built around cars, a dependency that is linked to the amount of waste that would be produced by changing the system, with the current car population being replaced by new vehicles.
The big lie about electric cars is two-fold. 1 the carbon emissions of manufacture are never factored into the equation, of course, spread over ten years because more often than not a car is scrapped after that. 2 the design model is flawed a car mostly is driven by one person at an average speed in the 20s kph and is designed crash at 140 kph. Car design should reflect of driving reality rather than false adverts. (A. P. 25 September, 2017)
We also found that a systematic shift to EVs was perceived by some of the participants as "The car industry wish list for sales for the next 50 years" as written by A. P. (20 June, 2017 ) who also added a few months later that this was "the wet dream of the auto industry. Changing the world's car fleet in a decade. Good for Germany but not good for the planet." (12 December, 2017) while A. W. F. reacted even more violently, claiming that "The biggest lie and bullshit of our century!!! Another trick from the corrupt government & criminal industry to fool the people . . . " (20 June, 2017) , thus, clearly expressing very skeptical opinions about the prospects of EVs and who would ultimately benefit from the shift. This anger seemed to be rooted in a mistrust of incumbent actors, including powerful actors, such as the (German) car industry, a mistrust tempered by others like M. C. who worries more about the costs and their social impacts:
I am not in the industry, but, as I know, it the break-even point to a new car built from scratch is in the millions or tens of millions of sold units. So we are expecting that the carmakers take a massive loss on cars newly introduced plus the electric cars that need to be yet researched, without giant subsidies from the public sector to the manufacturers? Is that it? Will that cost be redeemed how, and what is its social impact going to be? (6 November, 2017) Taking those elements into consideration, some participants plead for a change in how transportation is organised, considering it to be inefficient, due to the land consumed (Y. Uniformization of transport modalities is as dangerous as thinking uniformization. A transport modalities policy mix must remain. Electric/Oil/Biofuel/hydrogen/Gasoil/Diesel/LPG at least for strategic matters. What about the risk of having all the electric cars unusable because of massive solar flares? Electric cars is an answer, an offer, it is not THE answer and must not be the unique answer to transport modalities by 2025 . . . Along the same lines, another participant states that alternative solutions must also be developed, both for the sake of equity and to avoid battery shortages:
Not only electric . . . hydrogen, pressurized air and other technologies. It must be open to all other options other than a combustion engine, otherwise there will be a huge battery crisis then . . . and also allow a transition period for poorer people that can't afford expensive electric cars . . . but need to move around for work and take kids to school . . . (V. V., 6 November, 2017).
Thus, we see that the speed and the directionality of the transition is challenged by some of the participants, who not only fear the creation of a new technological lock-in, but who also see the consequences of the transition on social justice, as the capacity to adjust would have potential marginalising effects. We will come back to this point below.
The online participants appear to be knowledgeable regarding alternative car technologies such as hydrogen technologies as a sustainable solution that is capable of competing with petrol and diesel cars: "Hydrogen is pollution free and still uses the old style of petrol engine . . . is safe and can produce on demand" (J. K. 20 June, 2017). Oil lobbies are among the actors who are blamed for the failure of these technologies to take off:
What kills me is that there are ways to run cars almost without fuel, and that those cars have been banned and boycotted. Panton engine, air compressed engine, even hydrogen and others. Lots of oil lobbies are behind this with the benediction of the governments who have no idea how to tax fuels if fuel is no longer necessary. (F. B. 27 August, 2017) In general, it is interesting to note that even though some are skeptical of EVs (for different reasons), the skepticism surrounding the choice of electricity lies more in the perceived desire of imposing it as the only solution for sustaining car mobility, than in its effective use. For many debaters, EVs should be part of the solution, but the importance of the preservation of technological diversity emerges as being critical for addressing different needs.
Finally, it is worth noting that the range anxiety that usually appears as a main constraint to EV development is only mentioned twice: first, in relation to the need to take into account social and geographical diversity, and second, in relation to doubts as to whom the change of system will benefit.
Dealing with Waste
One of the questions that engaged many participants was the production and management of cars and car batteries in a life cycle perspective. Many questioned in particular the handling of batteries after use (L. W. 12 December, 2017): "Why won't any one of these brain boxes tell me what is going to happen to the billions of scrapped cars and batteries, not to mention the batteries of the electric cars?". The afterlife management of pollution and waste was a major concern for the online participants.
The first subject of concern is one that is usually not mentioned in the literature; namely, what would happen to the old cars (L.W. 20 June, 2017): "Where are you going to dump all the petrol and diesel cars???". Others like J.B. also point out that the scrapping of old cars would create a chaotic situation (20 June, 2017) as it is "impossible to clear the old vehicles unless we want to create more chaos into a chaotic society. Good luck on that, the deadline is too short", while P. G. (14 September, 2017) states that: "The pollution from production and recycling is forgotten by most." Some point out that the grey energy needed for changing the system and its emissions were not taken into account in the life-cycle assessments (A. P. 25 September, 2017): "The big lie about electric cars is [that] the carbon emissions of manufacturers are never factored into the equation, of course, spread over ten years because more often than not a car is scrapped after that."
Beyond the challenge of producing enough clean energy and that of moving from one system to another without the production of additional waste, another concern raised by the participants related to the batteries themselves, as S. L. asks: "What about the battery? Are they really more ecological than petrol?" (24 September, 2017) . "To the degree that we are aware today lithium is not increasing the concentration of atmospheric CO2 and thus affecting the planet's temperature. We solve problems with existing knowledge step by step. Using CO2 emitting transportation today is unacceptable" (E. 15 April, 2018). This view, however, is not widely shared, particularly since battery recycling levels are still very low: "Electric cars means another dangerous waste. What measure was done for this waste?" (M. 6 August, 2018).
Concerns over the recycling of batteries is very present in the debates, although it is often put into perspective against the urgent need to find a sustainable solution, as is emphasised here by an exchange between two participants: C. S. The car needs to be regulated to real conditions. They are designed too big and too fast. They are also replaced long before their useful life is over. Greater regulation is needed to ensure max speed matches average speed. Carry capacity match user capacity. Working lifetime is stretched to forty years like the airframes. It is in the interests of the country without a car manufacturing industry to promote repairs and maintenance to keep cars on the road, it would mean more jobs in their country rather than manufacturing jobs. At the moment the emissions of manufacture are greater than the emissions of the car during its lifetime.
In other words, we see both discussions regarding the production and handling of batteries, and the scrapping of the present car population creating anxiety among these European citizens.
Social and Geographical Inequality
Beyond the technological debate and the dependency on the current system, another concern raised by the participants dealt with social and geographical inequality. In most countries, EVs are more expensive to buy than petrol and diesel cars. Consequently, quickly replacing (older) petrol and diesel cars with EVs is not easy for the most impoverished households (N. A. 20 June, 2017): "Solve the vehicle replacement problem for the less fortunate! That has to be part of the solution!" The concern voiced by N.A. reminds us that automobility is part of a wider system that spans from energy production, to its distribution to the cars themselves. Those choices are technological and political, and they influence the everyday life of populations, as O. L. makes clear (20 June, 2017) : "No [ . . . ] the poorer of our society [ . . . ] can't buy a new car each time there is a new idea in the political world." Thus, we clearly see evidence that to some, the electrification of personal cars seems like a top-down strategy that will only benefit the already wealthy, thus reinforcing unsustainable patterns of social injustice and inequality. Quite a few of those debating in the online forum voiced similar concerns around energy justice and the distributive effects of the strategy to shift to electric cars.
Energy justice was not only linked to socioeconomic status and the simple distinction made between the wealthy and the poor, but it was more specifically raised in relation to different spatial and geographical dimensions that risk the introduction of unequal footings and prospects for EV diffusion strategies. One such barrier mentioned was the difference between rural and urban dwellings: "City dwellers have forgotten that there are many places in Europe, where there is no mains electricity" (P.G. 14 September, 2017). Thus, we see that some point to a geographical divide that would privilege urban dwellers as opposed to those living in rural areas and in locations with less access to electricity.
If social differences are considered to be a strong barrier to a rapid spreading of EV, they are perceived as even more so, when considering the differences between Eastern and Western Europe, as energy deprivation is known to be much higher in Eastern countries than in Western ones [55] . One participant, T. S. (27 August, 2017) expresses a similar viewpoint, stressing that: "Making such laws will practically ban mobility for low-income people including most of Eastern Europe." Both cultural and economic differences play into this line of reasoning. It is, for instance, stressed that the role of the car is different across Europe. While it has a very strong foothold in some parts of Europe, these are the same places where many people cannot afford an electric vehicle. P. X. responds (22 June, 2017) to the question of "will all cars be electric in 2025?" in the following way:
Yes but Not all of them! The replacement should be gradual in order people who rely on cheap used cars to be able to afford an electric one otherwise people in eastern and southern Europe will be unable to make a living! Since in our counties, a personal vehicle is the only way to go to your job is so important that in many cases that the first question that employers ask is "do you have a vehicle?
Some also link energy deprivation and lack of access of electricity in certain areas of Europe to obtaining access to a viable charging infrastructure. This is a concern also expressed by C. (21 June, 2017): "Where are we all gonna recharge it? ( . . . ) don't forget that not all of us either leave on a place where we can charge our car easily nor there are batteries that can recharge in a matter of minutes, the same way that you take a few of them to refill your tank with petrol or diesel."
Thus, we see clear evidence that debates concerning the future of EV markets are linked to issues concerning energy security, sustainability, and energy justice [56] .
In the next section, we will discuss the ways in which the online debates highlight different aspects related to the transition to EVs and electric mobility more generally, whereas the traditional research on EV adoption has been focused primarily on comparing EV characteristics to conventional vehicles, especially with regard to costs, range, and the infrastructure development needed [57, 58] . We will, however, particularly accentuate the way in which citizen debates have managed to connect the debate on EVs to larger challenges in how to integrate EVs into existing energy systems, and the way in which EVs tie into questions concerning energy provision and demand, which again are connected to questions of energy security, energy justice, and sustainability. Let us begin with the last point: the sustainability of EVs, which was one of the most engaging questions for participants.
Discussion
EVs pose one possible avenue toward cutting CO 2 emissions from vehicles, and for shifting from a fossil-fuelled transport system to an electric one, a goal that is set by the EU and many other countries alike. Such a transition will not be unproblematic, as obstacles lie between it and the issues associated with affordability and finding an energy mix for producing electricity, which are capable of causing geographical divides, in both natural resources and recycling.
Cheap electricity may not always be available, and at peak loading times, there might be challenges in generating and maintaining enough capacity in the distribution grid [11] . Given the fact that renewable energy sources alone are probably not sufficient, and that many economies are planning to phase out nuclear energy, increased electricity demand may also be a challenge [11] , even though the increased production of renewable energy and smart grid technologies, such as smart charging may alleviate these problems in the longer run [25] as new technologies appear. We might cite for example, smart charging and vehicles-to-grid [4, 59] which can lower costs and grid impact, for example, in the instance where the car is directly linked to a photovoltaic system [60] .
As mentioned by the participants in the debates, the contribution of EVs to decarbonisation is contingent on the country's electricity generation mix, as the European situation regarding energy heavily depends on past choices, as well as regional socio-political situations [61] . While some countries, like Norway, mostly produce electricity from clean energy sources [10] , other countries like Poland see the push towards EVs as a way to relaunch the coal mining industry [62] , not to mention France, which remains heavily dependent on its nuclear industry and nuclear electricity production [63] . EVs have the capacity to help store renewable energy [59] , particularly the new generation of vehicle-to-grid [4] . However this storage capacity depends on the robustness of the grid, and on how the local grid is linked to the wider network in order to function correctly [64] , as territories across Europe do not have the same degree of access to electricity [61] .
The issue of a geographical divide also exists within countries between urban and rural areas, the first being considered as more privileged, as the second is likely to have less access to electricity-even more so in the case of islands [65] . This issue is redflagged by scientists as being crucial for future investigation, as work that connects energy poverty with various concepts of justice has focused predominantly on inequalities between social groups, to the detriment of spatial forms of disadvantage [56] . However it has been acknowledged that the grid can restrain the expansion of the EVs market, as it depends on the development of infrastructure, especially the modernisation of the transmission and distribution system [66] . Through their concerns, participants in the debates highlighted the need for a 'whole-system' approach to deal with energy justice. Such an approach, already developed by some social scientists, highlights that an injustice experienced at the household level (in this case, energy poverty) can be the result of decisions and mechanisms operating elsewhere in the energy system [56, 67] .
Affordability in both the domestic and the transport sector is thus a critical issue, which has high political salience [68, 69] , as the issue of energy poverty is a key dimension of the broader energy justice paradigm [56] . Indeed, if low-income outer-suburban households are less car-deprived than urban ones, they are more likely to face another car-related transport disadvantage: car-related economic stress [70, 71] , defined as the "financial stress associated with owning and operating cars, and its negative consequences" [72] .
The affordability of EVs is also a key issue, as it has been stated that EVs may increase social gaps between various groups of populations, even in countries subsidising this type of consumption, as the wealthy are the most likely to benefit from these [73] . This may be reinforced by rises in electricity prices due to the increase in electricity demand if EVs start being used on a large scale [24] . The fact that range anxiety, which usually appears as a main constraint to EV development [6] , is hardly mentioned, despite the very good knowledge of the pros and cons of EVs, is interesting as the debaters also mentioned the need to develop several solutions depending on the local energy mix and geography.
Hydrogen is mentioned, although the costs of developing two types of infrastructures, one for each energy [74] , is not taken into consideration.
EVs, as well as hydrogen-powered vehicles, do not change the car system [51] , or only marginally, without affecting other significant changes in mobility [50] . The implication is that it will not change land consumption that is linked to the car, unless another form of mobility governance is developed in various territories [48] . A governance that will adopt a more systemic approach is needed.
Indeed, one of the most fascinating findings from the debate analysis is the recognised need to have a more systemic approach for transforming personal mobility, which is much in line with the recent concepts developed from within the sustainability transitions literature [75] . EVs are perceived as being just a new avatar to the car system, and their diffusion does not meet the requirements to mitigate land consumption, as the car ownership rate might not vary in the end (e.g., the same amount of on-street parking, and supply needed). Indeed, for the participants, thinking about EV deployment implies consideration for how cars are produced. The online debaters stress that the production of EVs requires resources, such as metals, electronic circuits, but also rare materials that may become subject to the scarcity of supply with increasing electric mobility [76] . Lithium, for example, is an essential component of batteries, but it is a resource that is difficult to extract, and whose exact contents of deposits and environmental impacts are difficult to evaluate. Recent estimates of global lithium resources have also reached very different conclusions, and there is disagreement as to whether the supply of lithium is adequate for supporting a future global fleet of electric vehicles [77, 78] . Moreover, lithium is mostly present in Argentina, Bolivia and Chile [79] , and it has become a huge financial resource for the region, but it could also become a source of destabilisation [80] .
Indeed, practices of mobility can have a hard hegemonic or imperialist edge. Sheller ([81] , pp. 251-252) reveals how the demand for materials needed in the car, such as aluminium, have been intimately tied to the discursive coproduction from other regions of the world as being backwards, slow, and relatively immobile [53] . The use of lithium might therefore be only a temporary solution, and this is all the more true when taking into consideration, as do the participants of the debates, the fact that the recycling of batteries is a complex and costly issue involving the use of a chemistry that is not yet fully mastered in order to give a second life to waste materials-although it might just be a matter of time before the process becomes more sustainable [82] . One might expect, however, that technological development would meet some of these challenges in the long-run as there is much R&D effort being put into developing more sustainable batteries for the future [83] .
Currently, in the literature, the development of 'green cars' such as EVs, is often seen as a way to ensure the sustainability and future of the automobile system, while maintaining value creation and employment in many European countries. To prepare national industries for a transition towards low-carbon societies, many European governments have created programmes to promote and develop EVs. The issue of green cars and new forms of mobility poses a strategic and economic challenge in many areas for firms and policy makers, and it is becoming an increasingly relevant consideration for the future of the automotive industry [84] , in spite of a clear mistrust of incumbent actors, including powerful actors, such as the (German) car industry. It also makes visible an interesting contrast between public perceptions, on the one hand, and sustainability transitions research, on the other, that are clearly perceived to be the same group of actors (car manufacturers) hampering the transition [85] .
Conclusions
In this article, we have shed light on how citizens are currently debating EVs across Europe, based on online discussions organised through the Shape Energy project and the Debating Europe platform. While many of the online debaters are positive toward EVs in general and highlight that the energy transition is not happening fast enough, they raise concerns that have often not been thoroughly debated in earlier research on EV adoption. Those arguments underline different unwanted aspects of the transition to EVs, and therefore deserve more attention. Citizens raise the issue that changing to EVs will only perpetuate the automobile system without learning lessons from the current one.
Such a transition has several drawbacks. Though the online debaters agree on the need to moves away from oil for ecological reasons, they also stress the threat of energy security issues and the need for autonomy within the European context. Also, they are concerned about the fact that increased electricity needs might not be met by renewable energy sources. The online debates also reveal that citizens are aware and concerned about the inequality and distributional effects of shifting to EVs. Indeed, opting for EVs also raises issues of energy justice, and the debates enable a mapping to be made of the diversity of access to the grid across Europe, and the diversity of energy production, linked to various past and recent energy choices. They also stress the diversity of access within countries between rural and urban areas. For the online debaters, the adoption of EVs will thus only be possible if they have the capacity to fight social and spatial inequalities. Concerns are also raised about the price of the EVs.
The participants in the debate also question the sustainability and ecological effects of replacing the existing diesel and petrol car park with EVs. They point to challenges concerning the recycling of the batteries, as well as the pollution that is caused by battery production and the ecological footprint of batteries, but also to the social and ecological consequences of mineral exploitation and the limits of mineral resources. Thus, we believe that this analysis brings important and new insight to European policymakers who seek to promote the market for electric vehicles in Europe, as well to scholarly debates about the diffusion and adoption of EVs that have, to a limited degree, focused on these concerns. In the scholarly literature on EV adoption, citizens have often been treated as consumers, as passive market actors, or as receivers of new technologies. Transitions towards sustainable energy and transport systems will be wide-ranging and challenging, requiring extensive public support [86] , and taking into consideration the concerns voiced by the citizens are important, as support will most likely happen only when transitions are perceived as being just, fair, sustainable and inclusive [87] .
